INTRODUCTION
The accelerated expansion of human activities in detriment of natural environments has caused irreversible biodiversity losses world-wide (Ehrlich, 1994; Pimm et al., 1995) . In response to an imminent crisis in biodiversity, several global schemes of prioritization have been developed in recent years, particularly by non-governmental organizations, aimed at identifying regions of high conservation value (e.g., Bryant et al., 1997; Stattersfield et al., 1998; Myers et al., 2000; see Brooks et al., 1 Universidade Federal de Goiás, Campus Jataí 2006 for a recent review). However, such global schemes differ in respect to the nature of the conservation target, where or how conservation should be done, as well as in the principles underlying each approach (Redford et al., 2003) . In this sense, they can be conceptually distinguished in two main groups: those that prioritize regions of high threat and high irreplaceability and those that prioritize regions of low threat but high irreplaceability (i.e., the 'purely reactive' and the 'purely proactive' approaches, respectively; sensu Brooks et al., 2006) .
Reactive approaches focus on pressing regions where human disturbance to natural habitats has been harsh and for which conservation actions are most urgent to prevent more biodiversity loss -e.g., the Biodiversity Hotspots and the Crisis Ecoregions, originally defined by Myers et al. (2000) and Hoekstra et al. (2005) , respectively. Conversely, the proactive approaches focus on regions of high conservation value where current exploitation, although low, may result in a severe species loss in the future -e.g., the High-Biodiversity Wilderness Areas and the Frontier Forests of Mittermeier et al. (2003) and Bryant et al. (1997) , respectively. Other global schemes may still be ranked between these two frameworks, which actually represent the extremes of a continuous axis, in the extension to which they prioritize irreplaceability or vulnerability (see Brooks et al., 2006) .
Most of the global schemes have emphasized the conservation of plants (WWF & IUCN, 1994 Bryant et al., 1997) , and birds (Stattersfield et al., 1998) , and other global priorities have been mapped for amphibians (IUCN et al., 2006) , and mammals (Ceballos et al., 2005; Carwardine et al., 2008) . These organisms have benefited from the accumulation of biodiversity data applied for conservation purposes at large scale and, consequently, have attracted substantial research efforts and conservation funding . Unfortunately, the availability of datasets and conservation plans at broad scale for other groups, such as squamate reptiles (lizards, snakes and amphisbaenians), is still scarce.
Population declines and geographical range contractions have been documented for most of the snake species around the world (e.g., Dodd, 1987 Dodd, , 1993 Jaggi & Baur, 1999; Nilson et al., 1999; Gibbons et al., 2000; Terribile et al., 2007) . Forest degradation and habitat loss together with associated characteristics, such as habitat specialization, small home-range size, low dispersal rate, low reproductive frequency and the restricted distribution of prey species included in their diet (Zamudio & Greene, 1997; Gibbons et al., 2000; Reed & Shine, 2002; Webb et al., 2002; Campbell & Lamar, 2004; Santos et al., 2006; Terribile et al., 2007) , make most snake species particularly susceptible to habitat changes and, ultimately, highly vulnerable to extinction (Santos et al., 2006) . Although these organisms have been less studied than other groups, considerable efforts have been expended to identify snake conservation priorities (e.g., Akani et al., 1999; Cogger et al., 2000; Filippi & Luiselli, 2000; Brooks et al., 2001; Moore et al., 2003; Zhou & Jiang, 2005; Couto et al., 2007; Cagle, 2008) . However, the majority of these studies have been based on small sample sizes of snake diversity (but see Cogger et al., 2000 and Reed & , and the unavailability of data has prevented the development of global-scale conservation strategies.
In this study, we used a global dataset of Viperidae and Elapidae species distributions to generate the first global model of snake conservation priorities based on systematic conservation planning methods (i.e., complementarity and irreplaceability) (Margules & Pressey, 2000) . Although these two families of venomous snakes represent only about 25% of snake richness (Kelly et al., 2003) , they are relatively well known in their distributional patterns given their medical importance. More importantly, our recent analyses (see Terribile et al., 2009) show that richness and distribution of these two snake groups are driven by distinct ecological and evolutionary processes, providing a good opportunity to understand both the mechanisms driving macroecological patterns and their consequences for establishing broad-scale conservation strategies.
Complementarity approaches may give us an efficient answer to the question of what locations should be included in a representative conservation network , but even so conservationists have insisted that effective conservation planning must deal not only with the representation of species, but also with potential conflicts between biodiversity conservation and human development (Margules & Pressey, 2000; Balmford et al., 2001 Balmford et al., , 2003 Chown et al., 2003; Diniz-Filho et al., 2006; Bode et al., 2008; Loyola et al., 2008) . Thus, defining strategies for broad-scale conservation planning based on species richness should be carried out by taking into account the environmental factors associated with biodiversity patterns at these scales . Consequently, the effectiveness of systematic conservation planning results in part from its efficiency in preserving environmentally important regions for maintenance of species richness without overlapping with economically important areas. Based on these two premises, we also generated conservation networks that represent the total species richness of each group with a minimum of human influence and a maximum of environmental suitability.
Additionally, we compared the global pattern of irreplaceability and conservation networks obtained for each snake family with the nine global conservation priorities recently defined by Brooks et al. (2006) , to evaluate how effective these schemes are in ensuring the preservation of viperid and elapid biodiversity. Thus, the combination of the global priority maps (generated by these authors under the criteria of reactive and proactive approaches) and the global picture of irreplaceability established for viperid and elapid snakes will provide us with a general understanding of the current level of threat facing the most important areas for these two groups. Moreover, we designed a way to evaluate how these global schemes achieve conservation goals for a particular group of organisms. In a long run, this can be a helpful way to establish relative efficiency of each of these schemes and understand in which situations they can be more useful for conservation purposes.
METHODS

Data
We generated a global checklist of Viperidae and Elapidae species based on the updated Reptile Database supported by the Systematics Working Group of the German Herpetological Society (Uetz, 2007) . Given that our conservation planning analyses focused on continental species, we excluded insular and sea snake species, aside from those found in the wellprospected island of Great Britain. Data scarcity for the Arabian Peninsula also precluded including this region in the analyses. Our final dataset comprised 228 viperids and 224 elapids (see Terribile et al., 2009 , for a full list of genera and number of species), for which maps of geographical distribution were compiled from several sources of species distribution world-wide.
For the New World, species range maps were primarily obtained from Campbell & Lamar (2004) , supplemented with the new species recently recognized by Renjifo & Lundberg (2003) , Alvarado-Díaz & Campbell (2004) and Lavin-Murcio & Dixon (2004) . For the Old World, we used those obtained by Branch (1988 Branch ( , 1998 , Latifi (1991) (2006), Dobiey & Vogel (2007) , supplemented by Cherlin (1981) , Orlov & Tuniyev (1990) , Tuniyev & Ostrovskikh (2001) , Khan (2002) , Mallow et al. (2003) and Geniez & Tynié (2005) . For Australian elapids, we used those obtained by Wilson & Swan (2003) .
All distribution maps were digitized and rasterized in ArcGIS 9.2 in grid systems of 110 · 110 km (i.e., equalling 1°latitude by 1°longitude at the equator) using region-specific equal area projections. For comparative purposes, the nine global scenarios analysed by Brooks et al. (2006;  see Appendix 1) were also processed in the same grid of 110 · 110 km, denoting the presence (1) or absence (0) in each grid cell. Cells containing < 50% of the land mass were not included in the analyses to avoid potential area effects in the results.
Conservation planning analyses and comparisons with global priorities
To identify specific patches or cells representing optimum (or near-optimum) conservation networks for viperid and elapid snakes across the world, we used methods based on biodiversity complementarity (Faith et al., 2003) . These methods are used to estimate the gain in species representation when adding an area (i.e., a cell) to a set of pre-selected areas (Williams, 1998; Faith et al., 2003) , so that certain areas would be selected because they have the most species between them, but not necessarily the most species richness individually. The resulting pattern is a combination of areas (cells) that have the highest representation of species (Williams, 1998) .
Based on the occurrence of the viperid and elapid species in the grid cells across the globe (i.e., a total of 9563 cells for viperid and 9627 cells for elapid species), we used the simulated annealing algorithm implemented on Site Selection Mode (SSM) of sites v. 1.0 software program (Andelman et al., 1999) to select the minimum number of cells necessary to represent at least 25% of each species' geographical range. This strict conservation goal was used to ensure that all species would be conserved in most solutions within a minimal area needed to support viable populations. These analyses were performed for both snake families with 1 · 10 7 interactions and 150 repeated runs.
The frequency of each cell in the various optimized networks indicates its relative importance for the complementary solutions, and was used in this study to estimate and map the irreplaceability of cells (Ferrier et al., 2000; Meir et al., 2004) . The irreplaceability values vary between 0 and 1, so that cells with values of 1 (i.e., completely irreplaceable cells) are essential for achieving one or more conservation goals, whereas cells with decreasing values have increasing numbers of potential replacements to preserve the targets and achieve the established goals (Ferrier et al., 2000; Carwardine et al., 2007) .
Several studies have shown that water and energy availability are among the most important drivers of species richness at large scales (e.g., Currie, 1991; Hawkins et al., 2003a; Currie et al., 2004; O'Brien, 2006) , and this was also recently confirmed for viperid and elapid richness (see Terribile et al., 2009) . To take into account the influence of environmental variables on determining macroscale species richness variation, we defined a cost value to each grid cell as the inverse of actual evapotranspiration (AET, available in http://www.grid.unep. ch/data/data.php), which represents the joint availability of energy and water in the environment (see Currie, 1991 and Hawkins et al., 2003a) . The purpose was to generate a global network that represents all species in a set of areas having suitable environmental conditions to support high richness.
Possible conflicts between biodiversity conservation and human development were taken into account by adding a cost variable of 'human footprint' (available in http://www. ciesin.columbia.edu/download_data.html) representing human influence to each grid cell. Human footprint (hereafter HF) is a quantitative index of human activity in every biome on the land surface, built by the combination of geographical data on human population density, land transformation, accessibility and electrical power infrastructure (see details in Sanderson et al., 2002) .
Thus, we generated a set of four reserve networks (i.e., two for each snake clade) that represent all species at least once under two cost scenarios: (1) maximizing AET by finding a combination of cells whose sum of the inverse of AET is the lowest in the set of selected cells; and (2) minimizing human influence by finding a combination of cells with the lower human footprint value in each grid cell. In both cases, the same SSM protocol described above was used by performing optimization routines of 50 runs and 2 · 10 7 interactions, analysing the solution with the lowest cost. The two networks for each snake group were then overlaid and the Sorensen similarity coefficient (Krebs, 1998) Sokal & Rohlf, 1995) to investigate whether the mean irreplaceability of cells matching the areas covered by each of the nine global prioritization schemes [our independent variable of presence (1) and absence (0) of priority region in each scheme] is higher than the mean irreplaceability of cells located outside these areas. Thus, we were able to identify which global scheme best fits the areas of high conservation value for viperid and elapid biodiversity identified in this study. Before the ANOVA, grid cells containing zero species were excluded from the analyses.
RESULTS
Overall, few cells showed irreplaceability higher than 0.5, which indicates that the combinations of cells were highly variable in each one of the 150 optimized solutions. Cells with high irreplaceability for both groups are evident across Central and North America, and Central Africa (Fig. 1a, b) , although irreplaceable areas of viperids were more scattered across continents than those of elapids (except in Australia where viperids are absent). This is expected given the wider coverage of Viperidae distributions world-wide.
For Viperidae, the global networks that collectively met the established conservation goals (i.e., to represent at least 25% of species ranges) with a minimum cost were achieved with a total of 1527 cells for AET (i.e., cells with highest AET values) and 1638 cells for human influence (i.e., cells with lowest HF values) (15.9 and 17.1%, respectively, of the total of cells analysed for this taxon; Table 1 , Fig. 2a ). For Elapidae, these goals were represented in two networks, one with 986 cells for AET and the other with 1089 cells for HF (10.2 and 11.3%, respectively, of the total cells analysed for this taxon; Fig. 2b ). Oriental and Australian were the two biogeographical regions with the largest number of cells included in the reserve networks for Viperidae and Elapidae, respectively (Table 1 ; see also Fig. 2) .
Sorensen coefficient was low for both taxa (0.30 for Viperidae and 0.28 for Elapidae), indicating that conservation management plans based on the strategies trying to minimize conservation-human development conflicts cannot ensure the preservation of those areas of high snake richness (Fig. 2, see also Table 1 ). Indeed, the overlapping of the two types of networks indicated that only 458 cells (4.7%) for viperids and 295 cells (3.0%) for elapids were represented in both solutions.
Analysis of variance showed that the regions covered by the nine global conservation priorities summarized by Brooks et al. (2006) , except Last of the Wild areas (Sanderson et al., 2002) , represent a gain in irreplaceability in comparison with regions not covered by them (Table 2 ). For viperids, areas with higher irreplaceability coincided with the regions covered by Endemic Bird Areas and High-Biodiversity Wilderness Areas. For elapids, considerable gain in irreplaceability was also found in Endemic Bird Areas, but the areas falling within the Last of the Wild regions represent a loss of irreplaceability in comparison with the cells outside of this priority.
For both Viperidae and Elapidae, the same global models for which a gain in irreplaceability was previously identified were also the most efficient ones in representing high proportion of complementary areas selected by solutions maximizing AET (i.e., 25% of cells in the AET cost solutions were represented in Endemic Bird Areas and High-Biodiversity Wilderness Areas, see Table 2 ). Conversely, for the solution minimizing human influence, a highest percentage of cells were represented in Last of the Wild areas. This is expected given that the Last of the Wild zones represent the least influenced areas of each biome across the world (Sanderson et al., 2002) . It is also important to note that, although the Last of the Wild areas comprise almost 30% of the cells from the HF lower cost solution for elapids, they also represented a loss of irreplaceability for this group given that the areas encompassed by this scheme have lower values of irreplaceability.
DISCUSSION
In general, cells required to meet the goal of preserving at least 25% of each snake species' geographical range presented low irreplaceability values, although relatively highly irreplaceable areas were registered virtually in all continents. Low mean irreplaceability of the cells suggests that there may be more opportunities for conservation available in any given region, which can enhance the practical solutions to preserve viperid and elapid species in most areas of the world (assuming that this goal is enough for long-term persistence of the species). Moreover, it is important to consider that we did not include species from islands, many of which are endemic (e.g., Melanesian elapids). An increase of irreplaceability towards the areas encompassing these island endemics would likely be observed if they were included in the analyses (see Ferrier et al., 2000) , but the absence of island species do not prevent us from a comprehensive assessment of the conservation status of these snakes across the continental mainland areas of the globe and the comparison with Brooks et al. (2006) global prioritization sets.
The accelerated human development and the constant demand for food production require the reconciliation of conflicts between areas of high values for biodiversity conservation and human needs (Margules & Pressey, 2000) . Our analyses showed where it is possible to establish conservation priorities that represent the targets according to the established goals and, at the same time, minimize undesirable impacts caused by high human footprint. These networks give an initial picture of the most important areas to preserve viperid and elapid biodiversity in expectation of low conflicts between human development and conservation. However, our analyses also reveal that it may be problematic that few areas minimizing conflicts with human footprint were common to those areas of high environmental suitability. Also, when considering the nine global conservation schemes defined by Brooks et al. (2006) Viperidae (9563) Elapidae (9627 Wild areas, these areas have low conservation value for both Viperidae and Elapidae, as showed by the irreplaceability analyses (see Table 1 ). On the other hand, a quarter of the cells of the reserve networks with highest possible AET match with areas whose conservation value is high for both groups (e.g., Endemic Bird Areas and High-Biodiversity Wilderness Areas). It seems plausible, therefore, that conservation strategies to preserve viperid and elapid biodiversity are focused mainly on the areas of high environmental suitability despite not minimizing conservation-human development conflicts, given that areas with low potential conflicts have lower irreplaceability values. Anyway, it is still possible to find overlapping areas that satisfy both low conflicts (i.e., low human influence) and high AET. In practice, these areas are the most appropriate to implement conservation actions for snake species preservation.
Efforts to identify conservation priorities at large scales have been criticized mainly because the priorities defined for some groups have failed to reflect diversity and rarity patterns for other groups (e.g., Mace et al., 2000; Rodrigues et al., 2004; Grenyer et al., 2006) . It has been recommended, for instance, that conservation strategies should be developed with independent datasets from several taxa (Mace et al., 2000) . It is clear that considerable results would be achieved if we are able to include the largest amount of biodiversity data as possible in these global priority analyses. The problem is that complete information on species distributions and other data in large scales is often scarce for most groups of organisms (Raven & Wilson, 1992; Lamoreux et al., 2006) and, in the face of dramatic loss of species, conservationists cannot afford waiting for comprehensive biodiversity datasets to become available (Balmford & Gaston, 1999; Bini et al., 2006) . Moreover, Bode et al. (2008) showed that, although biodiversity data on all taxa will remain essential to global conservation prioritization, efficient conservation decisions are somewhat robust to the choice of taxon. These authors pointed out that 'efficiency gains will be most marked if conservation research focuses on obtaining better information on socioeconomic factors such as the costs of conservation action' (Bode et al., 2008: 6500) . In this sense, the initiative of Brooks et al. Table 2 Values of adjusted mean irreplaceability (I aj ) from ANOVA calculated between 'groups' of cells coinciding (1) and not coinciding (0) with the areas of each global conservation priority scheme fitted within the conceptual framework of irreplaceability relative to vulnerability (see Brooks et al., 2006) . Proportional gains in irreplaceability for each family in each global conservation scheme were calculated as the difference between mean adjusted irreplaceability in 0 and 1 divided by the mean adjusted irreplaceability in 0. Cell percentages for cost solutions involving actual evapotranspiration (AET) and human footprint (HF) that match the areas covered by each of the nine global prioritization schemes are also given (cell %) (see Methods). Bold values represent global schemes for which there was a gain in irreplaceability. Bold underlined value represents the global scheme for which there was a loss in irreplaceability. (1994) (1995) (1996) (1997) ; EBA, Stattersfield et al. (1998); FF, Bryant et al. (1997) ; G200, Olson & Dinerstein (2002) ; HBWA, Mittermeier et al. (2003) ; LW, Sanderson et al. (2002) ; MC, Mittermeier et al. (1997) . (2006) is of great importance because it enables us to compare the effectiveness of the current global conservation systems in representing conservation strategies for others groups of organisms as additional biodiversity datasets at broad scales become available. Also, the elucidation of proactive and reactive schemes can be used to interpret the level of threat for particular taxa, because if the most irreplaceable areas overlap with the reactive priorities, we can expect that they are under risk unless immediate conservation action is taken within these priorities (Brooks et al., 2006) . Our analyses can be useful in showing how priorities for a particular group of organisms (in this case, viperid and elapid snakes) can match global schemes, and in the long term, it may be easier to establish the frequency that each of these schemes is more appropriate for representing different groups of organisms than to match irreplaceabilites or reserve networks designed for particular groups, or even easier than finding overall biodiversity surrogates. We showed in this study that the priorities for which a gain in both irreplaceability and proportion of cells of the cost networks occurred were those designed as proactive. These findings are quite encouraging because they indicate the existence of viable conservation opportunities for these two snake groups. Viperids can benefit from the establishment of protected areas within the HighBiodiversity Wilderness Areas (e.g., Amazonian forest and African tropical forests) and Endemic Bird Areas (e.g., Brazilian Atlantic forest). The latter is also important to preserve elapid biodiversity, as well as the areas encompassed by the Megadiversity Countries.
However, it is important to note that, at least for viperids, regions of high irreplaceability matched also with the reactive priorities, whose areas are highly threatened (i.e., Centres of Plant Diversity) and vulnerable (i.e., Biodiversity Hotspots) (see Brooks et al., 2006) . This is problematic given that more than 70% of the primary habitat from Biodiversity Hotspots has already been lost (Myers et al., 2000) , and several studies have shown that habitat destruction is a serious threat to viperid (e.g., Zamudio & Greene, 1997; Parkinson et al., 2001; Santos et al., 2006; Pleguezuelos et al., 2007) as well as elapid species (e.g., Shine & Fitzgerald, 1989; Terribile et al., 2007) 
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Diversity and Distributions, 15, 841-851, ª 2009 Blackwell Publishing Ltd throughout their ranges. It is important that more detailed data at population level (i.e., minimum viable population models and data on area available with suitable habitats within hotspots) are obtained, so that overall efficiency of reactive schemes is evaluated for these particular groups of organisms (see e.g., Reed & Shine, 2002) .
Additionally, analogous to other groups of organisms (e.g., Hawkins et al., 2003b; Ceballos & Ehrlich, 2006; Buckley & Jetz, 2007) , the peaks of Viperidae and Elapidae species richness occur at tropical regions (Terribile et al., 2009 ; see also Pauwels et al., 2008) , which are often the most threatened and poorest economically (Gaston, 2000 (Gaston, , 2007 Brooks et al., 2006) . Thus, conservation strategies even within those areas threatened by high human densities are still necessary to preserve natural areas and refuges to protect rare and endemic snake species.
In conclusion, our analyses represent the first attempt to incorporate two clades of snakes into the context of global conservation priorities. Notwithstanding, there is still a pressing need to future work that will include other squamate reptiles (e.g., 'colubrid' snakes, lizards and amphisbaenians), which hitherto have been overlooked from broad-scale assessments of conservation priorities. Moreover, the analyses performed in this study can be viewed as an alternative approach to the recent criticism concerning the independent development of several global conservation priorities by different non-governmental organizations, which have led to a considerable redundancy in the results and few effective actions Mace et al., 2000) . The idea is that instead of simply evaluating the match of diversity patterns to a unique scheme (e.g., hotspots) and identifying matching problems (Grenyer et al., 2006) , it is possible to compare the fit of different schemes, and understand the reasons behind this (see Loyola et al., 2009) . Over time, as more analyses are conducted, it may become apparent if there is one that is useful for evaluating conservation priorities for all groups or for a set of particular groups of organisms. Thus, more than simply determining priorities for conservation of two snake clades, our analyses showed that the development of parallel priority-setting initiatives can be reconciled with those strategies for which financial resources are already being designed.
